Introduction
According to the definition probiotic is: "live microorgnisms which administered in adequate concentration confer a health benefit" (WHO). Numerous studies have conducted on the efficacy of probiotics in improving human health [1] - [4] and more recently in animal health [5] - [7] .
Interest in the use of probiotics in animal feed has increased significantly after the prohibition of the use of antibiotics as growth promoters by the European Union (Regulation CEE 1831/2003). The persistent economic pressures to optimize production parameters have made necessary the search of new strategies for improvement, including also the use of prebiotics, enzymes, organic acids and immune stimulants [8] , which entered into the diet of animals as functional foods.
A functional food is one in which the introduction of one or more new ingredients allows the product acquires a new function, often related to improving health or preventing disease [9] . Functional foods are one of the most promising growth areas in the food industry. These foods are the result of combining the basic ingredients of the mixture with other ingredients that add value. The new ingredients are formulated as premix prior to then be placed in the base mixture, resulting in a nutritious custom product [10] .
Producing effective nutritional premixes can become a difficult task. The two main challenges in the design and production of a premix are a good consistency and a high stability, ensuring its maintenance during its lifetime. Homogeneity and stability of premix affect not only the quality but also the finished products. When the addition of the additive should be carried out only in small amounts, such as probiotics, it helps dissolve the ingredients before adding them to the mix to help correct prior distribution premix [10] .
Lactic acid bacteria (LAB) represent a major group of microorganisms used as starter cultures and probiotics in the food industry. The industrial application of LAB depends on concentration and conservation technologies that are required to ensure the long term stability of cultures in terms of viability and functional activity [11] [12]. It is essential, both technologically and economically, maximizing the viability of laboratory cultures during drying and subsequent storage for long periods [13] [14] .
There are several mechanisms that allow us to preserve the viability of the bacteria over time, being cryopreservation and lyophilization the most prominent [15] [16] .
In the production of compound feed, LAB are subjected to various stressful technological procedures. It is essential to maintain the viability of probiotics to remain effective. Residents of natural intestine, LAB not form spores, once subjected to drying they are unprotected against chemical or physical damage occurring during the granulation process. This makes its use restricted to certain types of formulations that impose low pressure techniques on microorganisms, and is necessary to protect them against the specific heat and mechanical impact during manufacture, transport and storage of food [17] .
In addition, the freeze-drying and subsequent storage produce cell viability decrease due to the drying exposes cells to an additional stage of stress processing. Different species show different degrees of survival to freezedrying [18] . The degree of viability loss depends on inherent microorganism factors (strain properties, growing conditions and the state of growth) and other factors inherent in the process (technical parameters such as cooling rate and temperature, the presence of cryoprotectants, and the type of rehydration buffer) [19] . These factors may cause osmotic shock and membrane injury during recrystallization by the formation of intracellular crystals [15] [20] .
To minimize this damage, cryoprotectant substances are commonly used. Some sugars are recognized as protectors and used for the preparation of freeze-dried cultures. These sugars stabilize the cell membrane by a mechanism of replacement of water and a series of interactions between membrane phospholipids and sugars [21] .
Skim milk and sucrose are commonly used as cryoprotectants [22] . Skimmed milk is considered to be able to prevent cell damage by stabilizing the cell membrane, providing a protective layer for the cells [14] , while the protective activity of sucrose suggests that is due to its ability to prevent harmful eutectic fluid cell freezing [22] .
Other polysaccharides such as maltose, lactose and trehalose, as well as maltodextrin also have use as cryoprotectants, increasing the viability of lactic acid bacteria during freezing and freeze-drying processes [23] . When the water content of the samples is low, the sugars form a glassy matrix that is characterized by high viscosity and low mobility [20] .
Under ideal conditions for drying and storage, trehalose is probably more effective than other oligosaccharides in the preservation of biomaterials [22] . This increased tolerance to desiccation appears to be result of the ability of certain disaccharides to lower the temperature of the membrane during the transition to the drying and maintain the structure of the proteins in the dried state [23] .
The aim of this study was to evaluate the effect of different cryoprotectants (skim milk powder, sucrose and trehalose) on the viability of a Lactobacillus plantarum probiotic strain when it is subjected to a stressful process of freezing and subsequent lyophilization, determining the optimal combination of cryoprotectants to improve the viability of the preparations before its incorporation into a premix feed.
Materials and Methods

Bacterial Culture and Bacterial Culture Medium
The organism chosen to perform the study was a strain of Lactobacillus plantarum CECT 8150, isolated from free-living snails and identified by the commercial kit API 50 CHL (Biomerieux 
Cryoprotective Medium and Preparation of Suspension
The cryoprotectants that were used in this study were skim milk powder The range of concentrations used in this study cover the concentrations commonly applied including values that have been previously used in other studies [24] [25] . To obtain the concentrations of each cryoprotectant used to prepare each suspension media, a Central Composite Rotational Design was used (CCD) [24] [25] . The variables used in the experimental design in coded levels (xi) and current levels (Xi) are shown in Table 1 . The concept current level refers to the real values unencoded in percentage arising of each variable in the experiment.
To develop the regression equation, the three factors to be tested are encoded according to the following equation:
where x is the raw value of the independent variable dimensions, X i is the actual value of the independent variable in the central point and ΔXi is the step change value. Solving this equation gives us the values of the variables at each coded level as shown in Table 1 .
To analyze the experimental results, we used Response Surface Methodology (RSM). We tried to adapt the results to a quadratic model to correlate the variability of responses to the independent variables of the study. The system behavior can be explained by the following polynomial quadratic equation:
where Y is the predicted response, β 0 is the intercept term, β i is the linear term and quadratic term is β ii . In the CCD, the total number of combinations to do was 2 k + 2K + n 0 , where K is the number of independent variables and n 0 is the number of repetitions of the experiment at the center point, which told us that our case, with 3 variables, we required a total of 20 experiments, which were carried out in duplicate. To perform regression analysis and graphical experiment was used Design Expert ® software (version 8.0.7.1, Stat-Ease. Inc, Minneapolis, MN, USA).
Twenty different suspension media were prepared based on the CCD ( Table 2 ). The base solution used for the suspension of cryoprotectants was phosphate buffer saline (PBS) (Phosphate Buffered Saline, pH 7.4, Sigma Aldrich, St. Louis, USA). Ten mL were prepared for each combination individually and were autoclaved at 110˚C for 5 minutes.
Sample Preparation
One colony from the MRS agar culture was suspended in MRS broth and was incubated at 37˚C in a 5% CO 2 atmosphere for 18 hours, at which time the culture was near the stationary phase of growth [26] , resulting in a concentration of about 10 9 colony forming units (CFU)•mL −1 . This was verified by the inoculating 100 mL of culture on the surface of MRS agar plates and incubating the plates 24 hours (37˚C, 5% CO 2 ).
Two mL of the inoculum were suspended in 8 mL of MRS broth and incubated 18 hours (37˚C, 5% CO2). After this time, the pellet was separated from the liquid portion by centrifugation at 16,000 g for 5 minutes (RT192, Ortoarlesa, Spain). The pellets were washed twice in 10 mL of phosphate buffered solution (PBS) by centrifugation. After washing, the pellets were suspend in 10 mL of different combinations of cryoprotectants previously mentioned ( Table 2) . PBS was used for negative controls. 
Lyophilization
Combinations obtained were prepared to be subjected to lyophilization. Two vials were prepared for each combination, containing 1 mL of suspension, and were kept at −20˚C for 24 ± 2 hours. The remaining volume of each suspension were frozen at −20˚C for 48 ± 2 hours. The frozen combinations were dehydrated for 24 hours in a freeze-dryer (−55 LyoQuest Telstar Technologies, Spain), with a collector temperature of −50˚C to 5 × 10 2 mbar. After completing the cycle of lyophilization, the vials were closed in sterile conditions.
Determining the Viability of Microorganisms
Determination of Viability Pre-Lyophilization
Once suspended in cryoprotectant media and before being lyophilized, an aliquot of each combination were used to determine the different pre-lyophilization viabilities, which allow the calculation of the subsequent loss of viability. We conducted a dilution stock in Ringer lactate. 100 mL of appropriate dilutions were seeded on MRS agar plates and were left to incubate at 37˚C in 5% CO 2 atmosphere for 24 hours for subsequent counting.
Determining the Conservation of Viability over Time
To mimic the usual conditions of the premixture preparation, 15 mL of different cryoprotectants were introduced into sterile and were frozen and lyophilized. As a basis for the premix was employed wheat flour. By their color, allows confirmation of correct homogenization of the mixture at first sight, as well of being a preparation that does not change significantly the composition of the mixture.
Sterile jars were kept for one month at room temperature in a dry place. After this time, each lyophilized jar was granulated with the help of a sterile mortar, and subsequently introduced into a sterile bag with 300 g of wheat flour. Each mixture was placed in a homogenizer machine (IUL Instruments, Barcelona, Spain) for 10 minutes to ensure proper distribution. Subsequently, the concentration of probiotic was tested by doing a dilution stock from two different aliquots of premix taken from two different areas of each bag, in order to assess the homogeneity of distribution. Dilutions were made with Ringer Lactate and sowing in MRS agar.
Results
Central Composite Rotational Design Analysis Using Response Surface Methodology
Of all the experimental data that were available to develop the RSM, chose viability in different premixes in CFU/g for the study of the interactions between different cryoprotectants. We considered these results because they allow us to assess both the preservation of viability over time as the homogeneity of the premix. We couldn't asses this last factor if we analyzed other results like the vial viability just after lyophilization or after one month of storage. Using regression analysis on the experimental data, we obtained the table shown below ( Table 3) .
The adjusted summary that the program offers shows the different models that can be used to analyze the data. For our analysis we chose the quadratic model, which enabled us to visualize how the different terms contributing to the total growing complexity of the model. Once the pattern, he proceeded to carry out their analysis of variance (ANOVA) ( Table 4) . Table 3 . Prediction of appropriate model to experimental data. The table shows the different types of models that are available. In the last column, the program shows the model that best fits the data entered (suggested) and those models to be discarded. In Table 4 it can be seen how "F value" model was 10.42, which implied that the model was significant. Only 0.05% of variability obtained could not be explained by the model. Lack of fit was significant, which indicates that the specified model would not be appropriate for the data.
The terms of the model that had a p-value Prob> F less of 0.05 were significant, in this case x 3 , x 1 x 2 , x 2 x 3 , x 12 and x 22 . Note the effect of trehalose (Px 3 < 0.0007), which was more significant than the first-order effects of skim milk (P X1 < 0.1471) and sucrose (P X2 < 0.3165). These two components showed no first-order effects alone, but had significant quadratic effects (Px 1 2 < 0.0292 and Px 2 2 < 0.0007). Regarding the interactions, the most significant result was obtained by skim milk-sucrose interaction (Px 1 x 2 < 0.0001). It was also significant trehalose-sucrose influence (Px 2 x 3 < 0.0034). The interaction skim milk-trehalose was not significant (Px 1 x 3 < 0.06), although the value is close enough to the limit of 0.05.
For the coefficient of determination (R 2 ), we obtained a value of 0.90. This meant that 10% of the variability in the response could not be explained by the model. The correlation coefficient (R) was 0.95, which indicates that there is correlation between predicted and experimental viability.
Finally, multiple regression analysis ( 
Effects of Protective Agents
In order to visualize the interactions between the three variables involved in the study, Design Expert ® software allows graphical model that shows functions involving the three factors, keeping one of them at a fixed concentration and varying concentrations of the two remaining elements (3D surface). We obtained three graphs, where each of the variables (in order: skim milk, sucrose and trehalose) were maintained at the concentration corresponding to the value coded 0 (15%, 5% and 5% concentration respectively).
Microbial viability was increased both high concentrations of sucrose and milk and low concentrations of the two cryoprotectants. This response was not seen in the cases where one of the two variables was low and the other at high concentrations. These effects were significant (Figure 1) . Skim milk and trehalose showed a kind of antagonistic behavior. A decrease in viability was observed by increasing or reducing the concentration of the two components simultaneously, whereas if only one did, viability looked favored. However, these effects were not significant (Figure 2) .
In the latter case, we analyzed the interaction between sucrose and trehalose. It was observed a synergistic effect between the two cryoprotectants, which helps increase the viability of the two components of the total premix. The effects were significant (Figure 3 ).
Discussion
Skim milk powder, sucrose and trehalose play an important role in preserving the viability of Lactobacillus plantarum when it is subjected to a freeze drying process and storage at room temperature, allowing its conservation and its incorporation into a powder in food premixes for snails in order to incorporate it as a probiotic.
Although it has shown a protective effect on the microorganism tested by the set of cryoconservants in the lyophilization process, it is unclear what their individual effects are. From the results it follows that there is a standardization problem in the preparation of vials. The optimal combination of cryoprotectants from the premix obtained by Response Surface Methodology applied to a set of premixes viabilities are determined by the quadratic polynomial equation ). This analysis also reveals that trehalose has a direct effect on the viability of the premix and skimmed milk and sucrose have quadratic effects on cell viability. There are also interactions between cryoprotectants, which include skim milk-sucrose and sucrose-trehalose synergies, to help maintain the viability of L. plantarum.
